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THE SERIES E-200-C SIGNAL-MARKING GENERATOR 

The series E-200-C Signal-Marking Generator is a thor- 
oughly modern A.C. operated instrument. It is a highly ac- 
curate, reliable and stable source of variable frequency 
standards for aH general radio frequency alignment, adjust- 
ment and test problems, including F.M. and T.V. applica- 
tions. 

Included are direct facilities for audio frequency tests 
with a separate 400 cycle, sine-wave audio oscillator. 

The usual Dynascan high standards of materials and 
workmanship have not been spared and as will be noted 
from the following important features, our engineers have 
embodied every technically advanced circuit and opera- 
tional feature providing for the utmost in accuracy, utility 
and ease of manipulation. 

May we call to your attention that on the pages immedi- 
ately preceding will be found both pictorial illustrations 
and a schematic diagram of this highly unusual Signal- 
Marking Generator. Reference to same while reading the 
following would be of valuable assistance in more fully 
understanding the operational features described. 

1. The A.V.C. Substitution System. 

Supplying it own A.V.C. voltage from a directly cal- 
ibrated network, (V-15-see schematic), the Series 
E-200-C eliminates the necessity for critical Signal 
Generator and receiver control settings to keep align- 
ment procedure below the A.V.C. threshold. This volt- 
age is independently adjusted to coincide with the 
actual A.V.C. voltage developed by the receiver under 
normal average conditions of reception and accordingly 
assures accurate and efficient alignment of all tuned 
circuits, as described in detail on page 7 and following. 

2. Eight Bands. 

Provide a continuous coverage from 88 kilocycles 
through 440 megacycles; 88 KC through 110 MC on 
fundamentals. 

Band A: (88-230 KC) Band F: (15-29 MC) 
Band B: (220-600 KC) Band G: (29-55 MO 
BandC: (550-1700 KC) Band H: (55-110 MC) 
BandD: (1.60-5.0 MC) Band Hz: (110-220 MO 
BandE: (5-15.5 MO Band Ha: (220-440 MC) 

Special oscillator design produces strong harmonics 
whereby the very high frequency ranges (110-220 MC) 
and 220-440 MO are generated with the same high 
order of stability and accuracy as the original band. 
The (110-220 MC) band is calibrated directly on the 
dial as band H. The (220-440 MC) range is read on 
band H. 

Bands "F", "G" and "H" are electrically band 
spread enabling precise settings to fractions of a 
megacycle, especially useful for video I.F. marking 
in television receivers. 

Eight bands, are used to provide unusually wide 
band-spread of true electrical nature, allowing easy 
direct reading of the dial, in frequency, to 440 MC. An 
eight position, positive acting band selector switch 
provides for simple selection of any desired range. 



3. Accuracy - Constancy of Calibration. 

A 6AU6 (see schematic) in the "Unit-Oscillator" 
construction provides shortest possible leads between 
oscillator and associated circuits. All components in- 
cluding coils, trimmers, condensers, socket, tube, re- 
sistors, etc., are actually mounted right onto the band 
switch, as illustrated in the picture on the front cover. 

High quality, ceramic spaced band switch, silver 
plated 8 witch contacts, ceramic suspended trimmers, 
plus silver mica ± 1% padder condenser and SLF tun- 
ing condenser in addition to the rugged "Unit-Oscilla- 
tor" construction, insures + 1% Accuracy on All Bands 
under widely varying conditions, 'ffiis permits use of 
Series E-200-C for complete F.M. receiver alignment 
as well as for TV marker and other TV applications. 
See page (18). 

4. The Circuit - Frequency Stability. 

As will be noted from inspection of the circuit dia- 
gram, the Series E-200-C uses a miniature 6AU6 in a 
highly stable electron-coupled oscillator circuit, modu- 
lated in the output buffer-amplifier section by a separ- 
ate 400 cycle, sine-wave audio oscillator. A dual tube, 
type 6U8, which consists of atriodeand pentode in one 
envelope is used as a combined audio oscillator, amp- 
lifier, and cathode follower output tube. By accomp- 
lishing modulation in the amplifier section, rather than 
the more usual method of modulating the oscillator di- 
rectly, minimum frequency instability is assured even 
at high modulation levels. This thereby permits the 
Series E-200-C to provide completely variable modula- 
tion control from zero to 100%. In such manner, the 
comparative signal audibility, as against the usual 30% 
modulated oscillator, is increased by over 300% (this 
is especially advantageous when adjusting receivers 
badly out of alignment), without the need of raising the 
R.F. signal voltage to over-load proportions. 

Utilizing a non-interfering dual R.F. output attenua- 
tion system (V-10, V-ll and associated components) 
the oscillator frequency is unaffected by output loads 
or R.F. control settings. The use of a COAXIAL OUT- 
PUT CABLE provides appropriate connections for test 
requirements. A type 5Y3 full-wave rectifier forms the 
foundation of a heavy duty, hum-free D.C. voltage sup- 
ply. A four point selector switch provides, AT WILL, 
automatic selection of 4 types of test signal voltages. 

1. Unmodulated R.F., commonly referred to as C.W. 

2. 400 cycle internally modulated R.F. 

3. Externally modulated R.F. 

4. 400 cycle sine-wave audio output. 

5. Large Full Vision 6Vi" Dial and Vernier Scale with 
Twin Engraved Plasticele Hairline Indicator. 

An engine turned, non-tarnishing, permanent, anodized 
finished, 14 gauge aluminum dial with deeply etched 
scales and numerals provides almost seven feet of 
direct easy reading scale length. A smooth operating, 
and more costly ball-bearing planetary drive system 
eliminates string and belt-drive difficulties, insuring 
stability in dial settings. 



The etched vernier segment and circumferential 0-107 
hand calibrating scale provides direct reading to one 
part in 1000 for critical laboratory usage (see page 19). 
The transparent hair-line indicator affords direct fre- 
quency readings, free from parallax. 

6. 400 Cycle Sine-Wave Oscillator - Independently Controlled. 

A 6U8 audio frequency oscillator and cathode follow- 
er output provides the modulation tone, as well as being 
available for external text applications. The unusually 
high audio voltage output of almost £0j£fl]£s peak (full- 
ly CjQfltTOlJ"^ 0 frr«n zero to maximum), allows for the 
DIRECT testing of audio power-output and other cir- 
cuits, absolutely independent of all other stages. This 
is of primary importance in "SERVICING BY SIGNAL 
SUBSTITUTION" as well as in routine amplifier trouble- 
shooting. 

Examination of the Series E-200-C schematic diagram 
will show that the audio oscillator circuit is fully iso- 
lated from external circuits and voltages by reason of 
the cathode follower output stage. 

7. Dual R.F. Attenuator - Low Leakage. 

Thorough shielding; electrostatically shielded power 
transformer; R.F. -filtered power line connections; 
shielded coaxial cable connectors; coaxial output 
cable; in addition to a triple shielded DUAL R.F. AT- 
TENUATION NETWORK, calibrated for stage by stage 
R.F. gain comparisons. 

8. Variable Modulation Control, Direct Reading. 

Another new and advantageous feature of Series E- 
200-C, specifically designed for "S-S-S", is the cali- 
brated Modulation Control which provides, At Will 0- 
100% modulation of the R.F. signal. This feature 
originated in previous models, more than triples signal 
utility and audibility as against Signal Generators ap- 
plying only fixed 30% modulation. This high level of 
modulation, free from annoying frequency instability, 
is possible only through the application of the audio 
signal to the R.F. Amplifier. This feature is in direct 
accord with transmitter practice. 

9. No "Dead Spots." 

The design of the "UNIT-OSCILLATOR" (front 
cover), is such that ALL inductances, not in use, are 
COMPLETELY shorted out of the circuit, thereby eli- 
minating signal absorption due to free-floating coils, 
which would produce unusable portions in a Signal 
Generator's frequency range. 

10. Audio and R.F. Signals Independent of Each Other. 

This is an original PRECISION "S-S-S" feature, 
whereby the Series E-200-C serves as BOTH an audio 
and R.F. Signal Generator, at the same time, with non- 
interfering operation; allowing for simultaneous test 
on tuners and audio amplifiers by two separate opera- 
tors. The R.F. signal may be used unmodulated while 
the audio signal is being utilized at another point. This 
same independence of R.F. and audio controls provides 
complete flexibility of the type of R.F. signal voltage 
employed. In other words, the modulation percentage 



(and type of modulation) can be fr,eely varied WITHOUT 
HAVING TO TOUCH EITHER ONE OF THE R.F. 
ATTENUATORS. 

11. Amplif ied External Modulation Input. 

The four position "Audio Signal" selector switch 
provides for modulation of the R.F. signal from exter- 
nal sources, when the switch is set to the "EXT. 
MOD." position. In this position the audio oscillator 
tube operates as a high gain amplifier thus enabling 
the E-200-C to be adequately modulated by low level 
external signal sources such as crystal type phono- 
graph pick-ups. 

12. Frequency Modulation - Television. 

The alignment of F.M. receivers is readily and easily 
accomplished directly with the Series E-200-C. An actual 
F.M. signal is NOT mandatory. See page (13). 

However, when desired, a frequency modulated signal 
for oscillographic methods of alignment is readily ob- 
tained through the use of Series E 310-C or equal Sweep 
Signal Generator. By connecting the coaxial output 
cable of the Series E-200-C to the marker input termin- 
als of the Sweep Signal Generator, E-200-C thereby 
becomes a variable frequency marker signal generator. 

The fundamental requirements of a service-laboratory 
type Signal-Marking Generator is to provide, unfailing- 
ly, a source of RELIABLE and ACCURATE frequency 
standards for the adjustment and alignment of R.F. 
circuits. Fulfilling this requirement, Series E-200-C 
readily provides up-to-the-minute application as an 
A.M. generator for trap adjustments in T.V. receivers 
as well as for peaking alignment of stagger-tuned T.V. 
-I.F. stages. In addition, Series E-200-C is a very 
convenient source of variable marker signals when 
aligning T.V. sets with a sweep signal generator. It 
furthermore permits rapid, accurate, overall band width 
checkup via the moving marker method. See page (18). 
Incidentally a frequency modulated signal generator 
is best employed only when a high sensitivity labora- 
tory type cathode-ray oscillograph is also on hand, 
such as SERIES ES-550B. 

13. Fused Line Circuit. 

A special front panel fuse post provides full protec- 
tection against the accidental use of improper voltage 
sources and further protects the instrument against 
prolonged high voltage surges. 

14. Tubes. 

This instrument employs one each of the following: 
6AU6 — Electron coupled R.F. oscillator-amplifier. 
6U8 — Audio oscillator-modulator, audio amplifier, 
cathode follower output. 
5Y3-Full wave rectifier. 

The foregoing, in conjunction with the schematic 
should give the reader a well-rounded idea of the ex- 
ceptionally well planned background and design of the 
Series E-200-C service-laboratory Signal-Marking Gen- 
erator. 
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GENERAL OPERATING INSTRUCTIONS 

Take note that this instrument has been designed 
for a.c. operation only, from any 110-120 volts, 50-60 
cycle source, unless specifically furnished for other 

VOLTAGE AND/OR FREQUENCY. 

Before using the Signal Generator, it is advisable to 
allow the instrument to "warm up" for a period of at least 
10 minutes. In this manner, all vital components are given 
a chance to come to normal operating temperature, insur- 
ing the utmost accuracy and stability of the output fre- 
quency. A rotary type A.C. Line Switch is on the "A.V.C. 
Control" located at the center right-hand side of the in- 
strument panel. A 30 degree rotation turns power "on" 
and leaves the "A.V.C. Control" ready for use, in zero 
volts position. 

Immediately set "RF Control-1", "RF Control-2", and 
the "Modulation Control" to their respective zero posi- 
tions. 

After the pre-heat period has elapsed, the instrument is 
ready for operation. Procedure at the receiver end should 
be in accord with manufacturers' alignment instructions 
found in service manuals and service notes. Generalized 
alignment procedures will be found further on in this in- 
struction book and serves only as a guide in the event of 
absence of exact adjustment notations. Use of A.V.C. Sub- 
stitution is optional with the operator and when not em- 
ployed, the setting of the "A.V.C. Control" in no way 
affects the operation of the instrument or the alignment pro- 
cedure. The proper use of A.V.C. Substitution is described 
under the generalized receiver adjustment instructions. 

Determine whether a Dummy Antenna is required for 
the operations about to be performed. In general, it is good 
practice to use a Dummy Antenna whenever the Signal 
Generator Output Cable is to be connected directly across 
an inductance such as the primary winding of the antenna 
coil. In such case the Universal I.R.E. all-wave dummy 
antenna is recommended and can be assembled in very 
little time as will be noted upon examination of the sketch 
below. Necessary components can be purchased from the 
usual well-stocked distributors of radio parts. 
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The Coaxial Output Cable, which screws on to the Co- 
axial Cable Connectors at the left hand side of the instru- 
ment panel, terminates in two colored leads with alligator 



clips. The identification of these leads is as follows: 
Black — Ground 

Red — Output direct from live center terminal of 
coaxial cable output connectors. 

A Dummy Antenna, when required, is connected in series 
with the red lead and may consist of an inductance, capac- 
itance, resistance, or combination, as may be called for. 

If connections are to be made across a circuit 
which is at a potential difference from ground, a 
blocking condenser must be inserted in series with the RED 
lead to prevent a D^C^^shgrt^due^o the continuity of the 
R.F. Attenuation network. A capacity of .002 mf d., rated 
at 400 working volts, will usually be sufficient for"" all pur- 
poses. Smaller values of capacity may be used according to 
the demands of circuit loading conditions. 

After determining whether a Dummy Antenna is called 
for or not, make proper output lead connections, ALWAYS 
making ground connections first. Both Signal Generator 
and receiver under alignment should preferably be at the 
SAME ground potential. The most practical means of doing 
this is to ground the Signal Generator to the receiver chas- 
sis and then connect the receiver chassis itself to a good 
ground. The cold water pipe is generally sufficient. 

Caution: In the case of "AC-DC" receivers, wherein one side of the 
line may be tied directly to the receiver chassis, it is necessary 
to use a blocking condenser in series with the lead between re- 
ceiver and ground, or else a short circuit will occur in one 
position of the receiver line cord plug. This condenser should 
be approximately .1 mfd. 400 W.V. 

Next rotate the "Band Selector", located at the lower 
left hand corner of the panel, to the frequency range de- 
sired and rotate the "Tuning Knob", until the red hair-line 
pointer is at the required frequency on the band selected. 
For special reference purposes, there will be found on page 
(18) of this book an outline on how to use the numerical 
reference scale and vernier. 

After having made the proper "Band Switch" and "Dial" 
settings for the frequency desired, set the "Audio Signal" 
switch (located at the lower right hand corner of the panel) 
to either the "Unmodulated R.F." or "Modulated R.F." posi- 
tion, depending upon whether the visual resonance aid or 
output meter you are employing is in some portion of the 
R.F. or I.F. circuits or the audio output stage, respectively. 
The generalized alignment procedure given further on in 
this book details placement of visual resonance aids. 

Now adjust the "Modulation Control" to 30% or 40% 
Modulation position. See page (20) of this book. 30% 
Modulation is usually sufficient for normal alignment pro- 
cedure, but if the receiver proves to be greatly out of line, 
higher modulation percentages may be chosen as necessary, 
for better audibility. 
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Note: Inasmuch as we are now going through the usual method of 
receiver alignment, the operator must bear in mind to always 
employ the smallest R.F. signal intensity necessary for the 
alignment procedure. The reason for this is that in this manner, 
the automatic volume control system, if any, will not function, 
and we thereby avoid the undesirable leveling action of auto- 
matic volume control. 

For those not fully familiar with this action of A.V.C. 
circuits, it should be understood that the purpose of automatic 
volume control is to maintain constant R.F. signal input to the 
detector over a wide range of signal intensity applied to the 
receiver antenna terminals. In brief, the greater the input signal 
strength to the antenna post, the greater the A.V.C. voltage 
developed, which, applied to the control grids of the R.F. and 
I.F. amplifier stages, reduces their gain proportionately. In the 
other direction, a reduction in antenna signal carries with it 
the development of smaller A.V.C. potentials, and accordingly, 
the stages controlled by the A.V.C. network operate under con- 
ditions of reduced bias or increased gain. 

Hence, unless the test signal is kept below the point at 
which A.V.C. takes hold, trimmer adjustments will be auto- 
matically followed by changes in A.V.C. voltage, and in this 
manner, the receiver will attempt to maintain constant output in 
spite of signal variations due to trimmer adjustments. Of course, 
there are methods of aligning a receiver with automatic volume 
control working, but the resonance indicators, in such cases, 
cannot be just a simple output meter, but must be associated in 
some way or other with the tuned circuits or A.V.C. controlled 
stages. 

Let us now continue with the alignment procedure from 
the point where we briefly departed. The R.F. output attenu- 
ators are operated as follows. 

The system for controlling the magnitude of the R.F. out- 
put voltage consists of a coarse adjustment potentiometer, 
"R.F. Control-1", which feeds the vernier (smooth) output 
"R.F. Control-2". This latter potentiometer directly con- 
trols the R.F. output voltage appearing at either the "low" 
or "high" coaxial cable output connectors. In general, the 
"low" output terminal will suffice unless the receiver is 
badly misaligned, or the test requires unusually high output; 
at such time the "high" output terminal is employed. The 
screw-cap allows shielding of the unused terminal to mini- 
mize leakage possibilities from this source. 

The setting of "R.F. Control-1" determines the maximum 
voltage available with "R.F. Control-2" turned fully on. 
This latter control is self-calibrating for comparative gain 
measurements, and allows division of whatever maximum 
voltage is made available from "R.F. Control-1", into 100 
parts proportional to the numerical setting chosen. 

For example, with "R.F. Control-2" at No. 7, only 7/10 
of the full voltage is being supplied to the output system; at 
No. 5 only 5/10 and at No. 1 only 1/10, etc. 

With the foregoing in mind, set "R.F. Control-1" about 
mid-way between the zero and No. 1 mark, and then rotate 
"R.F. Control-2" until an appreciable indication appears 
oh the resonance indicator or output meter. If insufficient or 
no indication appears, bring "R.F. Control-2" back to its 
zero position and advance "R.F. Control-1" a bit further 
(in other words, increasing the maximum available signal). 
Now again rotate "R.F. Control-2" to the right, watching 



the resonance indicator for deflection. If still little or no 
indication is obtained, return "R.F. Control-2" back to its 
zero position, further increase setting of "R.F. Control-1", 
and repeat the previous process until adequate deflection of 
resonance or output indicator is obtained. 

When a discernible output indication is finally obtained, 
then proceed to make the necessary capacitative or inductive 
adjustments to the circuit under alignment. As the output 
indication increases with alignment, reduce the R.F. signal 
input accordingly, to protect the output meter, and at the 
same time to prevent overloading of the stages being ad- 
justed. In addition this latter measure will insure operation 
below the A.V.C. threshold (the point at which the A.V.C. 
system takes hold). The circuit is at resonance when ad- 
justed to give peak indication on the indicating device em- 
ployed. We then proceed with alignment of the next stage, 
in accord with the preceding paragraphs, making new fre- 
quency settings when necessary, and circuit adjustments in 
accordance with the set manufacturers' service notes. 

In passing, it may be well to restate, at this time, that it is 
not always necessary to use a modulated R.F. signal to align 
a radio receiver. As an example, one may use an unmodu- 
lated signal and obtain resonance indications from the A.V.C. 
circuit by using the receiver's own Tuning Eye, a V.T.V.M. 
or else a 20,000 ohms per volt sensitivity D.C. voltmeter, 
across the A.V.C. load resistor. These and other methods are 
covered in the section dealing specifically with resonance 
indicators, page (8) . 

THE AUDIO TEST SIGNAL 

This instrument employs a separate audio oscillator- 
modulator. The two pin jacks located in the "Audio Signal" 
selector box, at the lower right hand corner of the panel, 
provide the external audio test signal. The high impedance 
(5Q0,00^^hms) of this circuit is suitable for direct connec- 
tion to the grid of amplifier stages or to high impedance in- 
put circuits of audio amplifiers. Audio test connections 
should be made in accordance with the pin jack markings. 
The "high" pin jack is for connection to the amplifier tube 
grid or the high side of an amplifier's input terminals and 
of course, the "gnd" pin jack to the amplifier's low or 
ground side. *ToV *P < -p «^ / CvfrA 

The peak open-circuit voltage available at these two pin 
jacks is about 75 to 100 volts at a frequency approximating 
400 cycles. The signal intensity is jf^y controllable from 
zero to maximum by clockwise rotation of the "Modulation 
Control". The Audio Signal is available when the "Audio 
Signal" selector is set to the "400 Cycle Audio" position. 

A .01 mfd. 400 W.V. blocking^ condenser is,„ajready _in- 
cluded in series with the "high" terminal to prevent D.C. 
short-circuiting in the event that it is necessary to make con- 
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nections to the plate side of interstage audio transformers, 
resistance or impedance coupling networks or to any other 
circuits wherein the potential is either above or below 
ground. 

Before aligning a radio receiver, it is always good practice 
to test the audio section first, by applying a stage-by-stage 
signal. In this manner one may readily locate the cause of 
non-functioning in a receiver as being due solely to circuit 
troubles in the audio section. 

Note: When it is desired to feed the Audio Test Signal into a low 
impedance circuit, such as a 15, 50, 200, 500, or 600 ohm, etc., 
input, the audio output jacks should not be connected directly 
to such loads or else- the audio oscillator may be thrown out 
of oscillation due to the reflected low impedance into the high 
impedance oscillator grid and plate networks. In such instances, 
an appropriate impedance matching transformer or resistive 
pad should be employed to transform the high impedance audio 
"T" output to the desired low impedance. A pad effect may be 
fflt roughly approximated by utilizing a 50.000 to 100,000 ohm re- 
o-° sistor in series with the test lead from the "high" pin jack and 
a resistor across the low impedance amplifier terminals. This 
latter resistor should approximate the input impedance in order 
to properly load the amplifier input circuit. 

For example, if the input impedance of an amplifier were 
500 ohms and an impedance matching transformer was not 
available to match the audio oscillator output, nor a properly 
designed pad, merely place a 50,000 to 100,000 ohm re- 
sistor in series with the lead from the "high" pin jack to the 
high side of the amplifier 500 ohm input, and then a 500 
ohm resistor directly across the 500 ohm input terminals; 
with the "ground" pin jack, of course, connected to the 
low or ground side of amplifier input terminals. 

When doing this, the maximum voltage actually supplied 
to the amplifier input terminals is materially reduced, since 
the two resistors act (in addition to an impedance matching 
device), as a voltage divider. In this particular case, only 
about 500/100,000 or l/200th of the oscillator output, or 
about .5 volt maximum is available; but this is still more 
than sufficient to feed the input stage of an amplifier. 

Many other applications will be found for using your 
Signal Generator. As an example, the voltage available 
through the A.V.C. Substitution System is pure D.C., and is 
completely variable from zero to approximately JjfJ volts._ 
The D.C. voltage output is obtained from the polarized 
"A.V.C. Voltage" tip jacks. This voltage may be employed 
in place of batteries in tests or experiments as long as the 
current drain is not above approximately Wjniljiarripergs, 

A few other applications of this A.V.C. Voltage Substitu- 
tion System are: 

1. Ohmmeter circuits 

2. "B" Supply for low current drain 45 volt battery 
operated radios and hearing aids 

3. Grid bias for audio as well as R.F. amplifier stages 

4. Polarizing voltag es for testing leakage in low workin g 
voltage electrolytic condensers, etc. 

5. ^ <W-i> I S^SLS g 



GENERALIZED R.F. ALIGNMENT AND ADJUSTMENT 
and use of 
THE A.V.C. SUBSTITUTION METHOD 

It is almost impossible to give exact alignment procedures 
for the many varieties of circuits that will be met with in the 
course of one's servicing experience. It is advised that AT 
ALL TIMES direct reference should be made to either service 
manuals or manufacturers' instructions for specific details. 
The manufacturer is always best qualified to state the special 
steps necessary for proper alignment of his particular set. 

The information which follows is therefore presented in 
an all-inclusive nature, being fully aware of the fact that 
there is no rule so definite, to which there is no exception. 
However, the general approach is in all cases more or less 
similar. 

Before beginning alignment, all tube shields and chassis 
bottom plate (if any) , if possible, should be in position. The 
line-up screw driver or socket-type trimmer adjusting tool 
should have little or no metal, to prevent capacity effects 
upon the tuned circuits. A "tuning wand" is sometimes 
desirable, but not necessary, to determine the direction of 
the required alignment correction before touching the in- 
ductive or capacitative adjusting screws or nuts. 

As with the Signal Generator, it is advisable to allow ap- 
proximately a 10 minute warm-up period of the receiver, to 
permit all circuits and components to come to normal operat- 
ing temperatures. Adjustments may then commence with the 
Signal Generator set to the same frequency as the R.F. or 
I.F. stages being aligned. 

USUAL ALIGNMENT PRACTICE and A.V.C. 

It has been commonly accepted practice to automatically 
align all radio receivers incorporating A.V.C, with the 
volume control set at maximum and the Signal Generator 
adjusted to deliver very low signal output. This has been 
done in an attempt to avoid the broad resonance curve effect 
introduced whenever the signal was of sufficient intensity to 
cause action of the A.V.C. system as outlined on page (5). 
But as can be readily proven and demonstrated, a receiver 
so aligned has not been properly adjusted for NORMAL condi- 
tions of broadcast reception, because the volume control, in 
regular usage, is never set to maximum position and very 
definite A.V.C. voltage (5 developed. This can be understood 
when one realizes that the received signal is of much greater 
intensity than the small Signal Generator output, necessarily 
employed to operate BELOW the A.V.C. threshold. 

Therefore, when the receiver is aligned under conditions of 
maximum sensitivity (as it would be when the A.V.C. system 
is not working), there is a very great difference between the 
grid bias conditions on the R.F. and I.F. stages than when 
the receiver is installed in the home or elsewhere for normal 
conditions of reception. 



How does this difference in grid bias affect the tuned 
R.F. and I.F. stages? The explanation is quite simple. 



The diagram illustrates a commonly employed I.F. stage 
and diode second detector, wherein the grid bias is obtained 
from an A.V.C. network. Concentrate on the input (grid) 
side of this intermediate frequency amplifier. 

The input circuit consists of the grid of the tube and the 
secondary of the interstage I.F. transformer, the transformer 
return network and the semi-variable tuning condenser, 
which resonates the I.F. transformer winding to the inter- 
mediate frequency. For the sake of illustration, we shall 
assume this is approximately 460 Kc, one of the common 
I.F.'s. In addition to the I.F. trimmer condenser, there are 
still other capacities effectively bridged across the I.F. trans- 
former secondary, and hence, in parallel with the trimmer 
condenser. These consist of stray circuit capacities, which 
are the capacities between wiring as well as to the chassis, 
plus the very finite capacity which exists between the prongs 
of the tube and between the socket contacts. To this we add 
another important factor, and that is the input capacity of 
the I.F. amplifier tube itself. 

Just upon examination of the schematic for the tube, the 
reader can immediately see that the control grid is physically 
located between the cathode and screen grid. As we all know, 
when two or more pieces of metal are brought close to the 
other, we have, in effect, a capacitor. In this particular case, 
the capacitor consists of the capacity of grid to cathode and 
grid to screen plus even the additional capacities of grid to 
suppressor, and grid to plate. 

These latter two capacities are, for a properly designed 
screen grid tube circuit, comparatively small and almost neg- 
ligible. However, the capacity of the grid to cathode and 
screen alone can be quite appreciable. Normally when we 
think of a capacitor, we assume that its capacity is depend- 
ent purely on physical dimensions, namely the area of the 
plates, the spacing of the plates and the type and nature of 



dielectric or insulation between these two plates. This is 
partially true in a vacuum tube. Hnvrever. the input capacity 
ni a vacuum tuhe varies with the voltage annlied to thfi input 
grid, and it is here that our difficulty arises. 

When the grid bias of an R.F. or I.F. amplifier stage is 
varied by the A.V.C. control system, the input capacity of 
the controlled tube changes. As just previously mentioned, 
this input capacity is part of the tuned circuit. Accordingly, 
the resonant point of this tuned circuit will shift as the input 
capacity of the tube in question varies with a change in 
automatic volume control voltage. 

We can now see how, after carefully adjusting our receiver 
(below the A.V.C. threshold) , all this work can be partially 
nullified due to the effects of the same A.V.C. system which 
had temporarily been forgotten, or at least caused not to 
work. 

In some receivers this shift in the resonant point of the 
tuned circuits may not be very serious, but in many cases 
this factor can assume major proportions.^The higher the 
I.F. frequency, this factor becomes all the more important!) 

Thy pnA r<»«iilta of a shift in the resonant point of the 
A.V.C. controlled tuned stages are some common troubles 
such as poor audio quality and distortion due to favoritism 
towards one of the carrier side bands, increased noise level, 
reduction in sensitivity, etc. 

THE A.V.C. SUBSTITUTION SYSTEM 

This Signal Generator overcomes the foregoing alignment 
defects, by supplying Its Own A.V.C. Voltage, directly 
controllable at the front of the instrument panel, from a 
calibrated A.V.C. voltage substitution network. 

By supplying proper A.V.C. voltage to the controlled 
stages, it is no longer necessary to adjust the Signal Gen- 
erator for minimum output and set the receiver to the ab- 
normal condition of maximum sensitivity with concurrent 
noisy operation. This voltage is independently adjusted to 
coincide with the actual A.V.C. developed by the r eceiver 
under normal average conditions of reception^This assures 
more efficient tuned circuit adjustments as compared to a 
receiver aligned without the use of the A.V.C. Substitution 
Method. 

The use of the A.V.C. substitution method is purely op- 
tional though it is to be recommended, especially in adjust- 
ments on superheterodyne receivers incorporating either 
single or dual automatic volume control circuits. If the 
operator does not desire to employ it, the setting of the 
"A.V.C. Control" of the Series E-200-C in no way affects 
the application of this instrument to other means of receiver 
alignment. 
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To employ the "A.V.C. Substitution" method merely 
examine the receiver circuit diagram for the location of the 
main A.V.C. voltage lead associated with the diode detector 
and the A.V.C. load resistor. Disconnect this lead, as in- 
dicated, at the point "X", in the diagram previously re- 
ferred to, and in its place feed the "A.V.C. Voltage" leads 
in proper polarity, as shown ; positive ( •+ ) side to chassis 
or "ground" of receiver and negative ( — ) side to the grid 
bias returns or (in the case of dual A.V.C.) to the negative 
side of the A.V.C; voltage division resistance network. The 
direct reading "A.V.C. Control" is then set to the required 
voltage. 

"What is this required voltage?" There is no single accu- 
rate answer to this question, inasmuch as the actual voltage 
developed by the A.V.C. system varies with the receiver 
design as well as with the strength of the input signal. For 
many receivers, it may vary (under conditions of local sta- 
tion reception) from about 7 to approximately 25 volts in 
accordance with the aforementioned condition. Under con- 
ditions of no signal or very small signal, the minimum bias 
may be as low as one or two volts. Hence, you may state 
"How am I to determine where to set the A.V.C. control? 
And if the A.V.C. voltage in a receiver can vary so much 
under actual operating conditions, what am I to gain by 
employing A.V.C. substitution?" The answer is very 
simple . . . 

Let us assume we have a receiver wherein the minimum 
bias on the A.V.C. controlled stages is about two volts. In 
other words, this is the effective FIXED bias on the I.F. and 
R.F. stages when no signal or only a very minute signal is 
being received. Now let us take this same receiver and see 
what happens when it is being employed for the reception 
of normal local broadcast stations, at which time the set 
owner desires maximum fidelity. 

Under conditions of normal reception, this receiver may 
very well develop 20 volts grid bias in the A.V.C. circuit, or 
a variation from small signal conditions of 20/2. a ratio of 
10 to 1. Had the same receiver been adjusted with the A.V.C. 
substitution network set for a fixed bias of anywhere from 
10 to 20 volts, the ratio between the voltage at which the 
receiver was aligned (about 15 volts), and the voltage ac- 
tually developed under normal conditions of reception 
(about 8 to 20 volts), would be exceedingly small. So we 
can readily see that it is not so important to have an EXACT 
fixed voltage substituted for the receiver A.V.C. network, but 
rather merely a voltage SOMEWHERE NEAR th» grimily A*. 
veloped A.V.C. voltage, 

It is therefore not necessary, as well as being practically 
impossible, to present "A.V.C. Control" setting data, indi- 
vidual to all receivers. The classifications and settings given 
are therefore quite arbitrary, but as just previously dis- 
cussed, need not be more than this. 



RECEIVER CLASSIFICATION 


Approximate 
A.V.C. 
Control Setting 


Poor sensitivity; extremely low gain; 
| , designed primarily for local broad- 
cast reception. 


5 to 10 


Moderate sensivity; increased 
2. allowing for reliable extended 
broadcast band reception. 


7 to 15 


High sensitivity; excellent overall 
gain allowing for reliable extended 
3. fairly reliable short-wave and long 
distance broadcast reception with 
minimum fading defects. 


10 to 20 



There are other methods by which A.V.C. receivers can 
be efficiently and accurately aligned. However, not only does 
the method, just outlined, allow the operator to obtain desir- 
able alignment accuracy, but also simplifies the alignment 
process BECAUSE: critical signal generator and receiver ad- 
justments have been eliminated; in addition, the operator 
can employ an ordinary rugged A.C. output meter as his 
resonance indicating device, rather than more costly and 
delicate devices. 

While on the subject of resonance indicators, it would be 
interesting to briefly treat this phase of the alignment prob- 
lem. In the following chapter we shall review some of the 
more popular methods for obtaining an indication of circuit 
resonance. 

RESONANCE INDICATORS 

1.— The simplest and most practical form of resonance 
or peak output indicator is a rectifier type A.C. meter, such 
as contained in A.C.-D.C. multi-range testers or combin- 
ation tube and set testers. 

An indicator of this type is connected with a series block- 
ing condenser (about .1 mfd. 600 W.V.) between plate and 
ground of the audio output stage, or if the audio output stage 
is of the push-pull type, it is then connected either from 
plate to plate, or else between one plate and ground. When 
so connected, the output meter is across a comparatively high 
impedance, and hence the audio voltage may assume rela- 
tively high values. It is therefore necessary that the meter 
employed be set initially, for the protection of the meter, to 
a range approximating at least 50% of the D.C. voltage 
appearing at the plate terminal of the output tube. 

An A.C. output meter can also be connected directly across 
the voice coil terminals of the loud speaker. Inasmuch as 
voice coil impedances run considerably lower (about .3 to 
15 ohms) than those encountered in the previous case, the 
voltages to be met with are proportionately of much smaller 
magnitude. Accordingly, when the operator employs an 
output meter across the voice coil, it will not be found neces- 
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sary to set the A.C. meter to ranges any higher than about 3 
to 12 volts AND a blocking condenser is not required when 
the voice coil winding is isolated from the tube D.C. volt- 
ages, except in some special circuts involving inverse feed- 
back via series connection with the speaker output winding. 

Inasmuch as the output meter is connected to the audio 
amplifier, a modulated R V, signal is required so that the 
detector can deliver an auuio signal voltage to the amplifier 
circuit proportional to the R.F. circuit adjustments. There- 
fore, all trimmers and padders are adjusted until a peak 
indication is obtained on the output meter. 

One note of caution : always keep the R.F. input signal at 
a point whereat none of the stages of the receiver is ever 
overloaded. 

When using an A.C. output meter with receivers employ- 
ing A.V.C., it is necessary (if not using the A.V.C. substitu- 
tion method) to operate with small signal generator output 
to keep below the point where A.V.C. action levels off the 
receiver response. Otherwise a broad selectivity curve results, 
with consequent difficulty in obtaining correct peak adjust- 
ment of the trimmers, as described on page (5) . 

In this connection it may have been the reader's problem 
to have noted that when using other types of Signal Gen- 
erators, with the output set below the A.V.C. threshold, there 
was not enough audio voltage appearing at the amplifier out- 
put stage to properly swing the output meter. Such difficulty 
is usually a matter of insufficient audio component, or too 
little modulation of the carrier, which generally had been 
fixed at approximately 30%. 

It is in cases such as these that the high modulation per- 
centage capability of the Series E-200 and E-200-C is of 
particular advantage. Simply raise the modulation to the 
level required for good output meter indication on the low- 
est output meter range employable. In this manner, although 
the R.F. signal intensity can be readily maintained below the 
point at which A.V.C. action takes place, the audio com- 
ponent OF THE CARRIER CAN BE INCREASED BY OVER 300% 

and naturally the audibility or utility of the R.F. test signal 
is proportionately increased. See page (20). 

Because of variable modulation percentage, as well as the 
A.V.C. substitution system, incorporated in the E-200 Series, 
the simple A.C. output meter need be the ONLY one used for 
all cases of A.M. receivers, making for standardized align- 
ment procedures. 

Other types of resonance indicators may, of course, be 
employed, but the previous means is by far the simplest. A 
few of the other methods include the following, and as will 
be noted, make use of an unmodulated R.F. test signal. 

2. — The reader is, by this time, familiar with the basic 
theory of automatic volume control. The A.V.C. voltage 



developed in the second detector circuit, is directly propor- 
tional to the intensity of the R.F. signal voltage to which 
the receiver is tuned. Hence, the relative magnitude of the 
A.V.C. voltage should be a good means of determining when 
the various receiver circuits are properly aligned. Any de- 
vice that will indicate the relative value of the A.V.C. volt- 
age, WITHOUT SERIOUSLY DISRUPTING THE A.V.C. CIRCUIT, can 

be employed. 

The A.V.C. diode load resistor may be anywhere from 
100,000 ohms to 2 megohms. The measuring device for a 
resonance indicator should be either a vacuum tube volt- 
meter or high sensitivity (20,000 ohms per volt) multi-range 
meter. In this connection there is another valuable point to 
consider. If the receiver incorporates a TUNING EYE, this 
tube is actually a form of vacuum tube voltmeter and is 
already bridged directly across the A.V.C. circuits, for reson- 
ance indications. In this case the eye may be adjusted for 
minimum shadow, whereas the V.T.V.M. or multi-range 
meter is adjusted for MAXIMUM indication. 

3. — If a receiver employs a power detector in the form of 
a triode or pentode, a V.T.V.M. or 20,000 ohm per volt 
multi-range meter may be used to measure the D.C. voltage 
developed across the cathode load resistor. This voltage is 
also proportional to the intensity of the R.F. input to the 
detector. 

4. — Inasmuch as the R.F. and I.F. amplifier tubes in 
A.V.C. controlled receivers have their grid bias directly con- 
trolled by the voltage developed in the diode detector circuit, 
the plate current, or for that matter, the cathode or screen 
current of the R.F. or I.F. stages also varies in direct pro- 
portion to the degree of alignment. A D.C. milliammeter in 
the plate, screen or cathode circuit of one of the A.V.C. con- 
trolled tubes may be employed as the resonance indicator. 
In such case adjustments are made for MINIMUM meter 
swing. The reason for this is quite obvious when it is under- 
stood that the stronger the R.F. signal, the greater will be 
the A.V.C. voltage. Consequently the greater will be the 
negative bias on the controlled stages, and along with a 
greater negative bias comes a decreased amount of current 
in the various tube circuits. The D.C. milliammeter can be 
one of the low current ranges of your A.C.-D.C. multi-range 
meter. 

5. — If the A.V.C. controlled tubes employ a fixed mini- 
mum bias resistor in the cathode returns, a low range, high 
resistance voltmeter can be connected across any one of these 
fixed bias resistors. Since the cathode current decreases 
with increased R.F. signal ( due to A.V.C. a ction) , the volt- 
age developed across the cathode bias resis tor will also de- 
crease, and we would adjust trimmers and padders for 
minimum voltmeter swing. 

6. — There are some receivers which employ tuning meters 
rather than tuning eyes. These tuning meters in most cases 



fall into the category of paragraph & Inasmuch as these 
mftiis arc usually mounted upside down (which automati- 
cally reverses the indications I, the meter is tuned for great- 
est swing, but which in reality corresponds to MINIMUM 
current. 

Other means for obtaining resonance indications might 
be listed, for there are many things that happen in a receiver 
that can be employed as indications of resonance. However, 
the foregoing should be sufficient to satisfy most require- 
ments. 

Once having decided upon the type of resonance indicator 
you wish to employ, it should be connected accordingly and 
receiver circuit adjustments begun, always working away 
from the detector stage in T.R.F. circuits and from the 
second or third detector in single or double superheterodyne 
types. 

TUNED R.F. RECEIVERS (without A.V.C.) 

In receivers of the T.R.F. variety (and no A.V.C.), the 
signal generator coaxial output cable leads are connected to 
the antenna and ground posts of the set with the appropriate 
series resistor, condenser, inductance or combination as sug- 
gested in the set manufacturers' instruction sheets. 

Ground the receiver (with blocking condenser if neces- 
sary) to a cold water pipe or other reliable ground. Make 
the first alignment at the high frequency end of the broad- 
cast band, generally at about 1500 or 1600 kilocycles and 
with 400 cycle internal modulation. The receiver volume con- 
trol should be kept at the maximum position. Use the small- 
est R.F. signal and modulation intensity required for good 
output meter deflection. Both the Signal Generator and the 
receiver tuning dials should be set to the same frequency. 
The shunt trimmer condensers are then individually adjusted 
for maximum output and the R.F. signal input from the 
Signal Generator should be progressively reduced to keep 
the output meter pointer on the scale. The receiver volume 
control may also be reduced if it is found desirable. After all 
trimmer adjustments have been made, the process should be 
repeated to assure correct alignment at whatever frequency 
has been selected for the test. 

Inasmuch as it was previously stated that circuit adjust- 
ments should always be in such order that the operator is 
working AWAY from the detector, the first trimmer to be 
adjusted therefore, is the one which is in parallel with that 
section of the ganged tuning condenser which tunes the de- 
tector coil. The next trimmer to be adjusted is the one which 
is across the R.F. amplifier coil immediately preceding the 
detector, and so on back to the trimmer across the secondary 
of the antenna coil. 

Adjustments of the antenna series compensating condenser 
(if any) need not be performed until the receiver is installed 
in the customer's home, inasmuch as the purpose of this con- 



denser is to compensate for varying antenna lengths and 
conditions. 

In the event that the T.R.F. receiver, being aligned, uses 
slotted end-plate tuning condensers, adjustments may also 
be made at the low frequency end of the dial. Set signal 
generator and the receiver tuning dials to the same frequen- 
cies (this time about 600 Kc), and bend the slotted end- 
plates in or out for maximum output meter indications. This 
procedure may be repeated at a few points on the dial, each 
time adjusting the appropriate slotted end-plates. Some re- 
ceivers make use of adjusting screws for movement of these 
end-plates. 

TUNED R.F. RECEIVERS (with A.V.C.) 

If the T.R.F. receiver being aligned incorporates auto- 
matic volume control, there are three basic methods of at- 
tack, the second of which is the most economical and simple 
in apparatus and operational requirements, and yet assuring 
positive results; this is the "A.V.C. Substitution Method" 
previously d> scribed. 

Method 1. Keep the R.F. signal at a level below that at 
which A.V.C. action takes place, and increase the modulation 
percentage to the point where a good output meter reading is 
obtained. 

Aside from keeping below the A.V.C. threshold, the actual 
process of alignment is the same as outlined for T.R.F. re- 
ceivers without A.V.C. 

This method, with T.R.F. receivers, is capable of good 
results due to the comparatively broad tuning of such radio 
sets. The following methods eliminate the need of keeping 
the input signal at such small level as to be below the point 
at which A.V.C. takes hold. 

Method 2. Open the common A.V.C. lead (as described 
on page (8), which supplies the bias to the R.F. amplifier 
grids, and obtain the appropriate fixed negative potential 
from the A.V.C. substitution pin jacks. 

A strong signal, in keeping with actual local receiving con- 
ditions, may now be employed and alignment may then be 
accurately attained without undesirable A.V.C. leveling ac- 
tion. The actual modulation level and R.F. signal intensity 
required for good initial output meter deflection are de- 
pendent entirely upon the original degree of misalignment 
or mistracking, and the overall gain of the receiver. The 
R.F. input signal should be reduced as the tuned stages are 
individually brought into adjustment. 

Method 3. This third method makes use of resonance 
indicator #2 as outlined on page (9) and requires a high 
resistance voltmeter (20,000 ohms per volt) or V.T.V.M. to 
measure the actual A.V.C. voltage developed. Adjustments 
are made until a peak reading is obtained, inasmuch as 
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maximum A.V.C. voltage coincides with resonance. An UN- 
MODULATED signal is utilized with this method of align- 
ment, whereas in the two previous methods, a MODULATED 
signal is employed, inasmuch as a simple audio output meter 
•./as utilized as the medium of resonance indication. If a 
modulated signal is used with this Method 3, the audio tone 
would merely serve for the purpose of audible signal identifi- 
cation. 

SUPERHETERODYNE RECEIVERS 

The superheterodyne presents different alignment prob- 
lems than those of the T.R.F. receiver, though actually none 
the more difficult when instructions are followed and a basic 
understanding of the superheterodyne principle is possessed. 
Even the additional features of A.V.C. (Automatic- Volume- 
Control) and A.F.C. (Automatic-Frequency-Control) are 
easily handled when one acquires a knowledge of the funda- 
mental principles. 

A few seconds spent in roughly reviewing the superhetero- 
dyne principle would be in order, at this moment. 

Reference to the block diagram below reveals that a super- 
heterodyne consists essentially of an R.F. signal amplifier, a 
local oscillator, a mixer (often referred to as the first 
detector), an intermediate frequency amplifier, a second de- 
tector and then the usual audio amplifier and loud speaker. 
The main idea of the superheterodyne principle is that the 
signal from the antenna or R.F. amplifier is caused to beat 
against a locally generated signal, in the first detector or 



mixer. The resultant frequency caused by the "mixing" or 
beating together of these two signals is then passed along 
into the I.F. amplifier. The receiver is so designed that there 
is a very definite relationship between the incoming signal 
and the frequency of the local oscillator. The actual differ- 
ence in frequency between the two is the resonant frequency 
of the intermediate frequency amplifying system. The I.F. 
amplifier is nothing more or less than a fixed-tuned R.F. 
amplifier with excellent selectivity and gain characteristics 
for operation at the one selected frequency. 

Because of the fact that the intermediate frequency am- 
plifier coils need only perform at one frequency, these coils 
can be designed for high efficiency and with excellent selec- 
tivity. It is because of this conversion of the incoming signal 
to the intermediate frequency and further because of the 
excellent characteristics of I.F. amplifiers, that the super- 
heterodyne is able to give such favorable results on both the 
crowded broadcast and short-wave bands and with minimum 
adjacent station interference. 

Once the converted signal has entered the I.F. amplifying 
system, there is no longer any great difference between a 
superheterodyne and a T.R.F. receiver. The I.F. signal is 
amplified, then demodulated and then passed to the regular 
audio amplifier. 

ALIGNING THE SUPERHETERODYNE 

The first step in the alignment of a superheterodyne (re- 
gardless of whether it incorporates A.V.C. or not), is the 
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alignment of the I.F. amplifier. If the receiver to be aligned 
incorporates a selectivity control (variable I.F. band width) 
in the form of a "Narrow, Normal, Wide" switch or some 
similar type, it is necessary that this control be rotated to 
the maximum selectivity (Narrow) position before any ad- 
justments are made. Next, and this is very important, to 
prevent interference (unwanted beat notes) from the local 
oscillator of the receiver, it is imp erative ^at {he ope rator 
short circuit the oscillator section of the condenser gang. 
This mav be done merely by using a short double clip lead 
from rotor to stator or stator to ground. Use a .QQ2jto— flL 
mfd. fixed condenser in series with the jumper lead just 
mentioned. 

As in the case of the T.R.F. receiver, the actual basic 
alignment method and means of resonance indication are 
optional with the operator; though with the presence of 
A.V.C. (moreso in a superheterodyne than the T.R.F. re- 
ceiver), it is desirable that the service technician choose 
alignment method either #2 or #3 previously outlined on 
page (9). 

For the alignment of the I.F. system, the receiver band 
switch (if any) should be set to the broadcast band position, 
so as not to place a low impedance short-wave coil between 
the first detector grid and ground. The BLACK lead of the 
coaxial output cable should be connected to the receiver 
chassis and the receiver chassis tied to a good external 
ground. If the superheterodyne does not incorporate A.V.C. 
it is not always necessary to employ a blocking condenser in 
series with the RED output cable lead, unless otherwise 
directed in the manufacturers' service notes. However, if 
A.V.C. is incorporated, it is quite desirable to use a blocking 
condenser in series with the RED lead so .that there is no 
D.C. return to the test oscillator's attenuation circuit which 
would disturb the operating characteristics of the receiver 
by shorting out the A.V.C. voltage or fixed minimum A.V.C. 
bias. The RED lead (through its blocking condenser), is 
then connected to the grid of the first detector. 

The Signal Generator dial should be set to the specified 
I.F. frequency, using the smallest R.F. signal and modulation 
level in keeping with good output meter deflection. If align- 
ing below the A.V.C. threshold, the receiver volume control 
should be at maximum position, because of the small test 
signal employed. However, if you are operating with A.V.C. 
Substitution or measuring A.V.C. voltage as the means of 
resonance indication, the receiver volume control can be set 
to any convenient position. 

Begin the I.F. trimmer adjustments at the second detector 
and work back towards the first detector, repeating adjust- 
ments to make sure that interaction effects between the pri- 
maries and secondaries of the I.F. transformers have been 
mutually compensated. 

There is always the possibility that the I.F. amplifier may 



be so badly out of line that an output meter deflection cannot 
be obtained even with maximum settings of all signal gen- 
erator and receiver controls. In such event (though not very 
common), it would then be necessary to inject the I.F. signal 
into the grid of the last I.F. stage and work back stage by 
stage. The first detector is then the last tube to receive the 
I.F. signal. 

The choice of a resonance indicator will determine whether 
it is necessary to use a modulated or unmodulated signal. 
With some types of indicators, namely, those wherein the 
reading is dependent on the A.V.C. system, it is not required 
to work below the A.V.C. threshold and any strength of R.F. 
signal that does not overload the receiver, may be employed. 
This is the very purpose of the A.V.C. Substitution System, 
thereby insuring easier alignment as well as better normal 
local reception. 

Having completed the I.F. amplifier alignment, the RED 
and BLACK output leads of the signal generator are con- 
nected to the antenna and ground posts of the receiver and 
we then prepare for Oscillator, R.F. stage and first detector 
adjustments. An appropriate DUMMY ANTENNA should 
be inserted between the receiver antenna post and the signal 
generator RED lead, whenever manufacturers' service in- 
structions suggest same, remove the shorting lead pre- 
viously PLACED ACROSS THE OSCILLATOR TUNING CONDENSER. 
Keep the receiver selectivity control at maximum selectivity 
position and the gain control in the same position as it was 
in the previous operation. 

Set both receiver dial and the signal generator to the high 
end of the broadcast band, generally about 1500 Kc. If the 
tuning condenser uses a special oscillator tracking section, 
there may possibly be no adjustment that can be made to 
the oscillator circuit other than (only if absolutely re- 
quired) bending of the slotted end-plates of the tracking 
section. In general (except in small-sized, very low-priced 
receivers), this is not the case and the oscillator parallel 
trimmer screw is slowly turned until the signal is heard. 
Then carefully adjust it for maximum output- meter deflec- 
tion. The first detector (and R.F. stage if any) parallel trim- 
mers are then also tuned for maximum indication. This tem- 
porarily concludes the adjustments for the high frequency 
end of the band. 

Next, the receiver and Signal Generator are set to the 
low end of the broadcast band, generally about 600 Kc, 
and the oscillator series padding condenser is adjusted by 
"rocking"* (see note below) for maximum output meter 

*Note: The oscillator alignment procedure, referred to as "rocking," 
merely consists of rinding that combination of oscillator low 
frequency padder adjustment and receiver tuning dial position 
which gives maximum output regardless of whether the receiver 
tuning dials falls exactly on the 600 Kc spot or not. In this man- 
ner, the receiver is adjusted for maximum operating efficiency. 
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indication and when necessary, the R.F. and first detector 
tuning condenser end-plates are adjusted. The high frequency 
adjustments should then be repeated to assure best results. 
Bear in mind that the signal generator output should be re- 
duced when the output meter indications increase with align- 
ment, to prevent slamming of the meter pointer. 

When the receiver is of the multi-band type, the next ad- 
justments are made on the other bands, in accordance with 
the procedure outlined above. 

The I.F. circuits are no longer touched. The R.F. stage, 
detector and oscillator trimmers and the low frequency oscil- 
lator padders (if any) are the only units to be adjusted for 
each individual band. First select a frequency at the high 
end of the band and then one at the low portion of the dial. 

At times, with receivers using pentagrid converters (com- 
bination of first detector and oscillator), there may be some 
interaction between oscillator and first detector trimmer ad- 
justments at the high frequency end of the bands. In cases 
such as this, the "rocking" process previously described 
should be applied even at the_high_end of the band to find 
that combination of oscillator and first detector parallel 
trimmer adjustments which offer best operating efficiency. 

The foregoing generalized alignment procedures are not 
meant to supplant more specific manufacturers' service notes 
which should ALWAYS be consulted before attempting to ad- 
just the tuned circuits of a receiver; especially those re- 
ceivers incorporating automatic frequency control. The use 
of the A.V.C. Substitution method does not interfere with 
manufaturers' instructions, but merely serves to simplify the 
alignment technique. The foregoing information is, how- 
ever, sufficiently complete to allow the operator to proceed 
with receiver alignment in the absence of specific data. 

AUTOMATIC FREQUENCY CONTROL CIRCUITS 

The adjustment of A.F.C. circuits differs to some extent 
in various receivers, and hence no specific details are given 
here, but rather just a general idea of the points behind 
A.F.C. circuit alignment. At the same time, it would be well 
to state that automatic frequency control is not popularly 
employed in broadcast receivers and it is therefore not very 
probable that many technicians ever encounter such a re- 
ceiver circuit. Broadcast receiver manufacturers have gener- 
ally chosen a more simple and economical solution to the 
problem of tuned ciruit stability in the form of highly stable 
air-tuned trimmers, silver-mica condensers, as well as tem- 
perature compensating condensers. 

For A.F.C. adjustment, the signal generator is set to the 
exact I.F. specified in the manfacturers' manual so that the 
frequency control network may be caused to function uni- 
formly on both sides of the resonance curve. A high resist- 
ance voltmeter or V.T.V.M. is connected across the two 



cathodes of the discriminator tube, such as a 6H6, and the 
necessary trimmer adjustments are made (in accordance 
with manufacturers' instructions) to give zero voltage read- 
ing. When this is obtained, the discriminator has been 
balanced for proper operation; assuming the I.F. amplifier 
is of course also aligned for optimum performance, at the 
SAME frequency at which the discriminator tube has been 
balanced. 

It is of utmost importance that manufacturers' service 
notes be closely followed for proper A.F.C. circuit alignment 
and that the I.F. stages and discriminator definitely be 
aligned at the same intermediate frequency. 

This does not mean that you must have crystal accuracy 
in the setting of the frequency chosen. All that this means is 
that the Signal Generator dial should not be moved when 
making the discriminator tube and I.F. stage alignment. In 
other words, as long as the discriminator and I.F. stages are 
aligned at the same frequency (regardless of whether this 
frequency may be a little above or below the specified fre- 
quency), no trouble will be experienced. In short, a circuit 
specified as having an I.F. of 460 Kc can be aligned just 
as accurately at 465 or 455, so long as the entire series of 
inter-related circuits are also aligned at that frequency. 

THE ADJUSTMENT OF FREQUENCY 
MODULATION RECEIVERS 

The long-familiar system of amplitude modulation oper- 
ates on the principle of constant carrier frequency and 
the amplitude of the carrier is varried in direct proportion 
to the intensity of the sound picked up by the microphone. 
The frequency of the sound delivered from the microphone 
to the transmitting equipment basically merely determines 
the rate at which the amplitude of the carrier is varied. 

In a frequency modulated signal the amplitude of the 
carrier remains essentially constant, and with modulation, 
the carrier frequency shifts symmetrically about the mean 
carrier frequency. In other words, the intensity of the sound 
picked up by the microphone directly determines how much 
the original frequency of the carrier will be shifted. This 
carrier shift (which is equal on both sides of the unmodu- 
lated carrier frequency), determines what is referred to as 
the BAND WIDTH. Therefore, let us assume that the carrier 
frequency is 90 megacycles and the transmitter is so de- 
signed that 100% modulation corresponds to a symmetrical 
frequency deviation of 75 Kc. The total band width of the 
transmitted signal is then fundamentally 75 Kc above and 
below the average frequency of 90 megacycles, or a band 
width of 150 Kc. 

It is not important to burden the reader with the technical 
details of why a band-width of approximately 100 to 200 
Kc was chosen. Suffice it to say that by selecting sufficient 
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band-width, desirable signal to noise ratios are obtainable. 
However, along with this wide-band transmission, comes the 
consequent necessity of transmission at carrier frequencies 
which are considerably higher than those associated with the 
regular broadcast band. 

Frequencies between 40 and 44 megacycles were originally 
temporarily chosen and today F.M. is located in the range of 
88-108 Mc. The final frequency selection involved factors 
such as decreased effects of atmospheric and man-made dis- 
turbances, as well as desirable radiation characteristics for 
local coverage, etc. 

We have noted that carrier frequency deviation is pro- 
portional to the INTENSITY OF modulation. The frequency 
of the modulating sound determines the rate at which the 
carrier shifts frequency. To elaborate, let us assume the 
same 90 megacycle carrier is to be modulated 100% by a 
100 cycle tone. The transmitter in question creates a devia- 
tion of plus and minus 75 Kc at 100% modulation. Now, 
inasmuch as a 100 cycle note is causing the modulation, the 
carrier frequency (considering only one half of the band 
width) is then shifting from 90 megacycles to 90 Mc plus 
75 Kc and back again, 100 times a second. If a 1000-cycle 
note was the modulating tone, this would happen 1000 times 
a second. 

Inasmuch as we are now involved with special trans- 
mission characteristics, a special receiver, or at least a special 
tuner is required, capable of covering the 88 to 108 mega- 
cycles spectrum. Furthermore, it must tune with reasonably 
uniform response over a band width of 100 to 200 kilocycles. 
In addition, since a frequency modulated carrier is essen- 
tially of CONSTANT AMPLITUDE, means must be provided in 
the receiver to overcome the effects of fading, sharp noise 
impulses or other forms of transient interference which are 
in the category of amplitude variations. 

Still further, the receiver must provide a method for con- 
verting the carrier frequency deviations back into the same 



audio sounds which were originally responsible for their 
creation. 

On this page will be found schematic of a typical fre- 
quency modulation receiver.* Reference to this schematic 
will reveal that there is nothing very unconventional about 
the circuits of the first detector, oscillator and I.F. stages, 
except for the fact that loading resistors have been placed 
across the R.F. and I.F. secondaries. These resistors (in ad- 
dition to special transformer design), allow the transformers 
to accommodate the 100 to 200 Kc band- width. 

The gain of these I.F. stages, with conventional old style 
tubes, would be quite small. However, the use of specially 
developed high-gain R.F. pentodes makes up for the loss of 
gain that would otherwise occur. 

Following the intermediate frequency amplifier stages, we 
find what is referred to as the Limiter tube. This limiter 
section of the receiver may, in other receivers, assume more 
complex forms, however, the fundamental purpose will never- 
theless be the same. The limiter tube is so designed that it 
will pass the intermediate frequency and its modulation 
components, but due to special circuit characteristics the 
limiter keeps the output I.F. signal amplitude at constant 
leveL The A.V.C. properties of this stage are consequently 
responsible for the reduction of the undesirable effects of 
fading or noise, which primarily appear in the form of 
changes in amplitude. If serious variations in amplitude 
were permitted to pass this point of the receiver, distorted 
reception would occ ur. 

Following the limiter stage, we find what is equivalent to 
the second detector in normal A.M. superheterodynes. This 
detector or Discriminator, as it is called, develops in its 
output circuit, an A.F. voltage which is directly proportional 
to the DEVIATION of the frequency modulated carrier. 

•The sound section of a modern TV. receiver is basically similar 
to a straight F.M. receiver. 
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Close inspection will reveal that this discriminator is the 
same as the discriminator stage associated with automatic 
frequency control circuits and operates in the same manner: 
. . . the output appearing in the dual cathode circuit is pro- 
portional to the carrier deviation. The rest of the receiver, 
which is the audio amplifier, requires no additional com- 
ments except for the fact that the audio amplifier systems of 
frequency modulation receivers should be designed to give 
much better audio frequency response than is usually asso- 
ciated with every day A.M. radio sets in order to take ad- 
vantage of the higher fidelity characteristics possible with 
F.M. 



LIMITER DISCRIMINATOR 




F.M. receivers can be satisfactorily aligned using just an 
A.M. Signal Generator as the signal source OR through use 
of Visual Alignment equipment. 

The A.M. method is a straightforward PEAKING proce- 
dure, similar in approach to the usual AM alignment tech- 
niques. In well-designed F.M. receivers, the simple peaking 
procedure produces satisfactory results. However, VISUAL 
methods (using a Sweep Generator and Oscilloscope), do 
offer time-saving advantages. (See Page 16) 

The standard A.M. method can be applied to any F.M. re- 
ceiver provided the operator follows the set manufacturer's 
instructions very carefully. However, whenever possible, 
overall performance should nevertheless be double-checked 
via Visual methods as this will most rapidly and accurately 
demonstrate the final results. 

The J&rst .Step in the adjustment of F.M. receivers is the 
alignment of mejdj^rMjiaiorj^cuit and in this connection 
may we call your attention to page (13) which deals with 
the adjustment of automatic frequency control circuits. The 
same considerations mentioned at that point apply here. In 
other words, it is absolutely essential that the discriminator 



tube and the I.F. stages be adjusted at exactly the same 
frequency. 

The I.F.'s of F.M. Receivers may run somewhere between 
4 and 15 megacycles*. The only additional requirement that 
the adjustment of F.M. I.F. stages imposes is that the Signal 
Generator employed be adequately stable, and with this 
thought in view, the Series E-200 and E-200-C admirably 
fill the bill. 

To proceed: — connect the coaxial output cable leads be- 
tween grid and ground of the limiter tube, and as in the case 
of the A.F.C. discriminator, a 20,000-ohms-per-volt multi- 
range meter or a V.T.V.M. is connected across two cathodes 
of the discriminator. An unmodulated test signal is em- 
ployed and the Signal Generator dial is set to the I.F. speci- 
fied in the manufacturers' data sheets. Then, just as with the 
A.F.C. discriminator, the primary and secondary trimmers 
of the discriminator transformer are adjusted until ZERO 
VOLTAGE is read on the meter scale. 



DISCRIMINATOR OUTPUT 




Clt should be noted that adjustment of the primary of dis- 
criminator transformers will control the MAGNITUDE of 
the secondary output. Adjustment of the Secondary will 
vary the center or mean frequency of the discriminator "S" 
shaped response curve.\ 

Should the secondary of the discriminator transformer 
happen to be at its proper midpoint adjustment, zero voltage 
will be obtained at the output of the discriminator. Under 
these conditions the secondary must first be detuned to 
yield a voltage reading (either positive or negative) at the 
output of the discriminator before primary adjustment can 
be made. Adjustment of the primary can now be made to 
produce a maximum voltage reading at the output of the 
discriminator. After this adjustment is completed the sec- 
ondary is readjusted to yield a zero voltage indication. 



♦Higher in sound sections of split channel TV receivers. Usually 
10.7 Mc in straight FM receivers and 4.5 Mc in Intercarrier 
type TV receivers. 
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The operator ran avoid this temporary detuning procedure 
by taking advantage of the fact that voltage is developed 
across ONE HALF of the discriminator load network even 
when the discriminator secondary is properly adjusted. This 
fact permits an alternative procedure for aligning the 
PRIMARY of the discriminator transformer, as follows. 

Connect the V.T.V.M. or 20.000 ohms per volt multimeter 
to the JUNCTION of the two discriminator load resistors 
and ground. With the generator set to the I.F. frequency, a 
reading will be obtained on the V.T.V.M. (even if the 
secondary happens to be at proper midpoint adjustment). 
The discriminator primary winding is then adjusted for 
maximum meter reading. The meter is then re-connected 
across the cathodes of the discriminator tube and the 
SECONDARY winding is adjusted for zero voltage as pre- 
viously described. 

Care must be taken to avoid setting the discriminator sec- 
ondary to a FALSE zero setting. For example, the secondary 
trimmer could inadvertently be set to zero voltage at the 
right or left of the positive or negative peak of the discrim- 
inator "S" response curve. To test for the proper zero set- 
ting, the operator should vary the secondary trimmer setting 
very slightly to the left and right. With the proper Zero Set- 
ting, voltage indications of opposite polarity should be 
obtained. 



Without disturbing the setting of the Signal Generator 
tuning dial, transfer the coaxial output leads to the grid and 
ground of the LAST I.F. amplifier tube (closest to the limiter 

stage). 

Disconnect the V.T.V.M. or 20,000 ohms per volt tester 
from the discriminator. Connect one end of a 25,000 to 
100,000 ohm carbon resistor to the high side of the limiter 
grid resistor (R.-10 on the diagram) . Connect the V.T.V.M. 
or 20,000 ohms per volt tester across the free end of the 
carbon resistor and ground. ( Disable th e_ receiver's Jocal 
oscillator to eliminate false peaks). If the I.F. system is 
known to be a simple peaked amplifier you need merely ad- 
just both primary and secondary for maximum meter deflec- 
tion at the specified I.F. frequency. 

If the I.F. system is the overcoupled or "double-humped" 
type, greater care must be taken to obtain the proper I.F. 
band width. If it were possible to physically separate the 
two windings of a properly aligned overcoupled I.F. trans- 
former, each winding would be found peaked at the same 
specified I.F. frequency: However, when the windings are 
placed in proper proximity to each other, overcoupling re- 
sults, producing an overall "double-humped" response curve. 
In order to perform a simple peaking operation on each 
winding, of such I.F. transformers, the overcoupling effect 
must be temporarily eliminated or minimized. This is accom- 
plished by temporarily shunting the primary, for example, 



with a 1000 ohms carbon resistor. This resistive shunting or 
"loading" of the primary permits the Secondary winding 
to be simply peaked at the specified I.F. frequency for a 
maximum reading on the indicating instrument. After this is 
accomplished the procedure is reversed, i.e., the secondary 
is loaded with the resistor and the primary is simply peaked 
to the same specified I.F. frequency. The resistor is then re- 
moved from the secondary, and the inherent overcoupled 
design of the transformer will then produce the typical 
double-humped response curve, centering about the specified 
I.F. frequency. 

The output leads of the Signal Generator are then trans- 
ferred to grid and ground of the preceding I.F. stage and the 
peaking procedure (using the loading resistor technique in 
the case of overcoupled I.F.'s) is performed on the next I.F. 
stage. The procedure is repeated for each I.F. stage until all 
I.F. transformers have been aligned. The last I.F. adjustment 
is made with the output of the Signal Generator injected at 
the R.F. input grid of the first detector or mixer, which in 
this particular case is a 6SA7. 

It is important, in all the foregoing adjustment proce- 
dures, to keep the Signal Generator output at as low a level 
as will permit reasonable V.T.V.M. or high-sensitivity multi- 
meter readings. Excessive Signal Generator output may 
cause overloading of the I.F. stages, which could result in 
errors arising from overly broad output meter indications. 

It is always helpful to securely interground all test instru- 
ments and the chassis of the set being aligned. Simple and 
positive grounding can be effective through use of an alu- 
minum or copper bench plate. 

To re-check the overall response of the aligned I.F. system 
the Signal Generator output should be injected at the mixer 
input grid. The V.T.V.M. or 20,000 ohms-per-volt multi- 
meter is then connected across the output of the discrim- 
inator. With the Signal Generator set to the same frequency 
at which the I.F.'s were just aligned, the voltage at the dis- 
criminator should be zero. However, shifting the frequency 
of the Generator, 50 to 100 Kc (.05 to .1 Mc) on either 
side of the specified I.F. should give equal or nearly equal 
meter readings, but at opposite polarity. 

Another way to test for symmetrical response is to connect 
the meter across the limiter grid resistor and note the change 
in meter reading while the generator tuning dial is moved 
to 100 Kc on either side of the specified I.F. Approxi- 
mately the same change in meter reading should occur on 
both sides of the specified I.F. frequency. 

If reasonably approximate symmetry does not occur, each 
of the I.F. stages should be again adjusted, because good 
F.M. receiver audio performance depends upon the best 
possible symmetrical response of the I.F. and discriminator 
circuits. 



16 



If a Sweep Generator and Oscilloscope are available, 
the re-checking procedure is less time-consuming inas- 
much as the result of the alignment procedure becomes 
instantly evident on the 'scope screen. Reference should 
be made to the Sweep Generator Instruction manual for 
the details of Visual alignment and check of overall 
response curves. 

Before proceeding to adjustment of the rest of the F.M. 
receiver, it is interesting to note that it is not always neces- 
sary to attain PERFECT symmetry along the double-hump 
portion of the I.F. response curve, due to the flattening effect 
of the limiter stage or stages. In other words the humped 
portion of the I.F. waveshape becomes "clipped" or flattened 
by the limiter action at medium to high input levels. From 
this analysis it can also be seen that the dip between the two 
humps in the overcoupled I.F. system should not be so 
excessive as to produce a dip in the center of the curve even 
AFTER limiting. 

The remaining few adjustments are not very critical and 
are much the same as those associated with the alignment of 
the first detector and oscillator of regular high frequency 
bands. The Series E-200 or E-200-C is set in accordance with 
the receiver manufacturers' service notes to, let us say, 90 
megacycles and the oscillator trimmer and R.F. input trim- 
mer adjusted for maximum reading of the resonance indi- 
cator which is still a V.T.V.M. or 20.000 ohms per volt multi- 
tester at the limiter grid resistor return. The receiver dial is 
tuned for the reception of the same frequency at which the 
Signal Generator is set. 

This completes the adjustment of the receiver, however, 
tuning of an F.M. set is a bit different from the process 
usually associated with the tuning of receivers designed for 
amplitude modulated carriers. 

When tuning for and approaching an F.M. station carrier, 
the speaker output will slowly become louder and louder, 
and in the event fnnt external noises are present, these noises 
will at the Same time be quite discernible. However, contin- 
uing the tuning process, a point will be reached, whereat the 
station signal, will seem to grow a bit weaker, but simulta- 
neously the noise level will almost automatically and prac- 
ticailjiJisaffjear. At this' point the receiver is properly tuned 
and if the operator continues to turn the dial, the signal will 
again appear to increase but with consequent increase in 
noise level. It is therefore important that the operator or 
owner of an F.M. receiver be instructed in proper tuning 
procedure if best results are to be obtained. 

If the F.M. receiver incorporates a single or multiple 
shadow tuning eye, the operator should then tune, per the 
set manufacturer's instructions, for the required eye pattern 
instead of tuning by ear. 

• • • 

The foregoing information was intentionally limited, for the sake 
of simplicity, to just one type of F.M. receiver circuit, namely those 



incorporating a limiter-discriminator following the I.F. section. 
There are other means employed for demodulating an F.M. trans- 
mission, such as the ratio detector. However, once the basic 
concepts of F.M. receiver alignment are understood and prac- 
ticed, demodulator type variations present no special complica- 
tions. Always, .follow .the receiver .manufacturer's, instruction for 
the particular considerations he feels will yield the best results 
for the type of circuit employed. 

Inasmuch as the prime purpose of this book is to reveal the 
fundamental usage of the A.M. Signal Generator, we purposefully 
do not burden the reader with oscillographic alignment methods 
which require the additional ownership of a Sweep Signal Genera- 
tor and a High Sensitivity Oscilloscope. However, suffice it to 
say that the A.M. Signal Generator is a most valuable tool even 
when oscillographic alignment procedures are employed. Such 
details are part of the instructional data which accompanies the 
Sweep Signal Generator. 

* * * 

At such time as the reader becomes actually engaged in the 
use of this additional apparatus, he will become aware of the 
ever increased importance of a good, stable A.M. Signal Genera- 
tor such as the E-200 and E-200C. 

* * * 

TELEVISION RECEIVERS 

Although it is possible to align TV receivers via use of 
only A.M. Signal Generator methods, the extended time, 
effort and possible complications involved do not warrant 
detailed instructions to such end. 

The nature of TV receiver circuits are such as make it 
advisable to employ oscillographic means of alignment and 
adjustment. With this in mind, the reader is directed to his 
Sweep Signal Generator instruction manual for TV applica- 
tions. In addition, the operator should more rigidly than 
ever, follow the set manufacturer's service notes. 

When so doing, you will find that certain TV set adjust- 
ment* permit or prescribe use of A.M. signals. Among the 
variow points involving use of A.M. signals are the 
following. 

1. Alignment of the sound I.F. section. Use same 
general procedure outlined for regular F.M. receivers. 

2. Adjustment of sound section limiter-discrimina- 
tor circuits. Use same general procedure outlined for 
regular F.M. receivers. 

3. Adjustment of trap circuits. Resonate traps in 
accordance with set manufacturer's details with E-200-C 
set to prescribed trap frequency. 

4. Alignment of stagger-tuned video I.F. stages. 
Treat each stage individually. Set generator to fre- 
quency prescribed for that stage. Peak adjust the I.F. 
trimmers (or slugs) of that stage, for maximum re- 
sponse in similar manner prescribed for A.M. receivers. 

5. TV Response Curve Waveshape Analysis. The 
E-200-C, when connected for use as a marker generator 
becomes an important TV service instrument. The 
Marker or "Pip" which it superimposes on Video and 
Sound response curves, permits the operator to set 
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sound and picture traps, picture carrier midpoint, ap- 
propriate video I.F. knee points, and all sound chan- 
nel I.F. and Discriminator curves. Because the E-200 
Series is a continuously variable Pip Generator, all 
points on Video I.F. and Sound response curves can 
be checked for waveshape configuration and for band- 
width. 



MARKER GENERATOR APPLICATION NOTES 

A. To connect the E-200-C for use as a Marker or "Pip" 
Generator either one of the following methods can be used : 

a) Connect the E-200-C output to the Sweep Signal Gen- 
erator terminal provided for external marker signal in- 
jection. Set E-200-C to required marking frequency. 
Adjust E-200-C output controls (and Sweep Gen- 
erator marker amplitude control) to yield a visible 
marker pip on the oscilloscope pattern. 

b) Co nnect both^ 'Ifltw ■Ifflfl .STTnH leat * s of the 
E-200-L outputcable directly to the receiver chass is, 
spacing the clips approximately 6 to 8 inches apart. 
I ocate the clips on the chassis such as to straddle the 
Sweep Generator injection point. This method sets 
up strong circulating ground currents in the receiver 
chassis which effectively introduces the marker with 
a minimum of response curve distortion. 

B. Marking Discriminator Response "S" Curves. The 
mid-frequency point of a Discriminator or similar F.M. de- 
tector is a zero voltage output point. As a result, a marker 
pip at this point is difficult to discern. If, however, the A.M. 
Generator is set for "MOD. R.F.," strong modulation "wig- 
gles" will appear at either end of the response curve when the 
marker locates on any point of the curve EXCEPT the 
midpoint. As the marker frequency is adjusted to locate at 
the curve midpoint, the amplitude of the wiggles will de- 
crease reaching a minimum when the marker finally lo- 
cates AT the mid-frequency point. 

C. Marking Sound and Pictur e Traps. The method de- 
cribed in (B) may also be used to advantage in the mark- 
ing of Sound and Picture traps. With the E-200-C set to 
"MOD. R.F.," the modulation "wiggles" will diminish to a 
minimum as the marker pip descends into the trap valley. 

D. Methods for improving visibility of Marker pips. 

a) Do not use excessively strong Sweep Generator out- 
put. Strong Sweep Generator output requires de- 
creased set sensitvity, thus reducing the visibility of 
the marker. 



b) Markers on the Steep portions of a response curve are 
normally somewhat difficult to discern. Reduce the 
Sweep Width of the Sweep Generator, thereby "ex- 
panding" the portion of the trace to be observed. . 

c) Use the "circulating ground current" injection meth- 
od just described at A (b). Increase the spacing be- 
tween the E-200-C output cable alligator clips to in- 
crease the amplitude of the marker. 



SPECIAL NOTES 
External Modulation of the R.F. Signal 

The four position "AUDIO SIGNAL" switch at the 
lower right hand corner of the Series E-200-C panel pro- 
vides for modulation of the R.F. signal from an external 
source, when the switch is set to the "EXT. MOD." posi- 
tion. The "MOD. CONTROL" still determines the actual 
percentage of modulation, although the settings for the 
various levels will naturally differ from those given for the 
internal 400 cycle modulation. This is readily understand- 
able when it is realized that it is highly improbable that 
the external source of modulation will be of the same peak 
voltage as that of the internal audio oscillator. 
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The impedance at the "HIGH" and "GND." pin jacks is 
approximately 500,000 ohms. Some crystal type phono- 
graph pick-ups furnish adequate output voltage at this load 
impedance so as not to necessitate pre-amplification. This 
assumes that no corrective networks are included in the 
pick-up leads which would tend to reduce the voltage out- 
put. Magnetic pick-ups and microphones especially, require 
previous stages of voltage amplification, in order to bring 
the signal up to a sufficient intensity to be applied to the 
"AUDIO SIGNAL" terminals. 

Because of the presence of a blocking condenser already 
in series with the "HIGH" pin jack, direct connection can 
be made from this terminal to the plate of any voltage am- 
plifier employed, as long as the d.c. plate potential 

DOES NOT EXCEED ABOUT 350 VOLTS. 

0-110 Numerical Scale and Vernier Segment 

The 0-110 scale along the upper circumference of the 
tuning dial, when employed in conjunction with the 
top vernier plater allows for direct numerical readings in 
tenths of one division, providing 1000 readable points over 
the range of 0-100. The incorporation of this numerical 
reference scale, in addition to the direct frequency cali- 
brated bands allows for maximum ^S^u^ajjy^jfijjss^uig. lo 
anv__.de sired Jr^qyency; in other words, it simplifies the 
matter of returning to exactly the same dial spot when 
occasions demand it. 

Another use of the numerical scale and vernier is to spot 
special odd frequencies as may be employed in govern- 
ment, commercial, aeronautical, police, amateur or experi- 
mental services. In such cases, the E-200 is tuneci to zero- 
beat against the exact frequency and the dial settings taken 
directly from the numerical scale and vernier. This read- 
ing can then be duplicated at any time, as well as re- 
checked with the greatest of ease. 

When using the 0-110 scale, the ZERO LINE of the vernier 
plate becomes the reference indicator instead of the RED 
hair-lines of the celluloid pointers. It will be noted 
that the 10 divisions on the 0-10 vernier plate are ALWAYS 
to the right of the 0-110 dial reading. Th ese 10 vernier di- 
visions are equal to 9 divisions on the 0-110 scale, which 
factor provides the vernier action, that is, allows for read- 
ing the numerical scale in tenths of one division. For 
example: — 

Let us assume that for some specific case, the dial num- 
ber under the vernier ZERO reference mark is somewhere 
between 28 and 29. Just what that exact decimal may be 
is difficult to estimate. The vernier plate simplifies this 
problem. Merely look along the vernier scale and locate 
that one division of the 0-10 scale which most completely 
coincides (runs into) any one of the dial divisions directly 



below. If the seventh line of the 10 division vernier plate is 
the one, then the decimal is .7 and the full reading is then 
28 plus 7/10 or 28.7. One and only one vernier division 
can possibly fully coincide at a time with a dial division 
except for the two extremes ZERO and 10. When both the 
zero and 10 coincide, it indicates that the dial reading 
under the zero mark is complete, that is a whole number, 
such as 29.0. Therefore according to the theory of the 
vernier, a number can be read (when both zero and 10 are 
coincident) as either 29.0 or 28 plus 10/10, which are 
mathematically identical. 

To reverse the procedure, that is, to set the dial accord- 
ing to a given numeral (let us assume 56.4 is desired), 
merely first set the dial so that the nearest whole number 
(56.0) falls under the zero of the vernier plate. Then 
watch the 4th division of the vernier plate and slowly ro- 
tate the dial towards the 57 mark, but stopping as soon 
as the .4 line on the vernier plate coincides with one of 
the dial divisions below it. This will occur before the dial 
reaches the 57 mark. 



Instrument Service 

It will be noted that in order to remove the E-200 from 
its metal carrying case, it is necessary to remove the 12 
panel border screws and then the two chassis retaining 
screws at the rear of m the ^cabinet. When removing the 
instrument from its housing, extreme care should be exer- 
cised to prevent hitting any of the internal components 
against the overlapping mounting surfaces of the cabinet. 
The same should be observed when placing the chassis back 
into the cabinet. 

If at any time this instrument should fail to function 
properly, tubes should always be tested first and replace- 
ment, if necessary, be made with the exact same type 

NUMBERS. 

If the instrument does not function at all, check the fuse 
and when required, replace with equivalent type 1 ampere 
type 3AG. 

The schematic diagrams included with this manual may 
prove of assistance in the location of possible simple diffi- 
culties. However, bear in mind that our factory service 
division is best equipped to render efficient assistance in 
the performance of any and all repairs or adjustments. 

Should it become necessary, at any time, to return your 
E-200 or other Dynascan equipment for repair, recali- 
bration or adjustment, same should be carefully packed in 
an oversized parton and forwarded via Railway Express 
Prepaid. This manner of handling will insure promptest 
possible and most satisfactory service. 



19 



IMPORTANT NOTE 

RELATIVE TO SERIES E-200-C and E-200 
MODULATION CONTROLS 

On page (4) of this book reference is made to setting of 
the "Modulation Control". 

In models previous to E-200-C this control is not direct 
reading in terms of percentage of modulation, instead, the 
settings MUST be made in accordance with the approximate 
settings chart which appears below. This chart lists internal 
modulation percentage versus "Modulation Control" set- 
tings and should be followed for best results. 

If this control be set above 6.5, or above 100% modula- 
tion, the modulation tone may cut off as if the control were 
open. This is a direct result of overmodulation and is not 
a defect of the instrument. 

The audio sections of Series E-200 and E-200-C are ca- 
pable of delivering considerably greater audio signal volt- 
age than is required for purposes of internal modulation of 
the R.F. signal. Accordingly, oversetting the "Modulation 



Control" quite understandably injects too great an audio 
signal into the R.F. amplifier-buffer section. This high audio 
output, however, is extremely desirable when employed for 
direct audio tests as described on page (5) . 

When the audio test signal is to be employed for EXTER- 
NAL usage, the "Audio Signal" switch is no longer set to 
"Mod. R.F.", but instead to "400 Cycle Audio" position. 
Then the "Modulation Control" may be set to whatever 
level is required for the apparatus under test, bearing in 
mind the information contained in the note on page (6) . 

On Series E-200-C, percentage modulation settings are 
direct reading on the OUTSIDE set of numerals. 

The I.J5WEB, ring, jjl.au^wra^ft^represent a purely 
arbitrary set of figures for reference use when employing 
the same control for audio signal test purposes or for 
external modulation percentage control. In such cases the 
"Audio Signal" switch would not be in the "Modulated 
R.F." position. 



MODULATION SETTINGS FOR MODELS PREVIOUS 
TO E-200-C BEARING SERIAL NUMBERS 
BELOW No. 17801 



% MODULATION 


CONTROL SETTING 


10% 


3.4 


20% 


4.2 


30% 


4.8 


40% 


5.2 


50% 


5.4 


60% 


5.6 


70% 


5.8 


80% 


6.0 




ce 



